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Synthesis and Bioactivity of Tropone Derivatives as Potential
Compounds against Human Gastric Cancer Cells Growth

Shao, Jiyan™ Li, Zhijie™ Wang, Yajun® Xiong, Yuyan™* Hu, Xiangdong™*
(“Key Laboratory of Synthetic and National Functional Molecule Chemistry of Ministry of Education,
College of Chemistry & Materials Science, Northwest University, Xi'an 710127)

(® Key Laboratory of Resource Biology and Biotechnology in Western China, Ministry of Education,
School of Medicine, Northwest University, Xi'an 710069)

Abstract Based on the strategy of Au-catalyzed oxidative ring expansion of six-membered rings, the synthesis of a series of
tropone derivatives was achieved. It was disclosed that tropone derivatives ethyl 2-hydroxy-3,6-dimethyl-5-oxocyclohepta-
1,3,6-triene-1-carboxylate (3), ethyl 3,6-dimethyl-7-oxo-4-(((trifluoromethyl)sulfonyl)oxy)cyclohepta-1,3,5-triene-1-carbox-
ylate (9), and ethyl 3,6-dimethyl-7-oxo-4-vinylcyclohepta-1,3,5-triene-1-carboxylate (10) displayed antiproliferative activity
against human gastric cancer cells MGC-27. Compound 9, which possesses relatively better activity, didn’t show relationship

between its antiproliferative activity and the apoptosis of gastric cancer cells MGC-27.
Keywords tropone; seven-membered aromatic ring; gastric cancer; bioactivity
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Figure 1 Tropone and representative natural products with tro-
pone moiety
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SRR = IAER A R A L Sk, BT
WMEEMEEEN . AV IR o R0,
INTCIAY HR L IR0 s W 2156l R SR T Xt
CLURZH TSR IE (175 TCIA Y IR 0.

1o, LL2,5-HE-L4- KR AR R R, £H
5 ¢RI R 1,2- R N4 B E4) 2 (Scheme
D). REHARTHED 2 MEMALELT H R, 7F
PPhsAuTH, AT ke RPN AT %44 T,
& 2 RIS T 3R ROBE, DL 72% 0072 284 5 T Ak
G 3. 5, WEW 3 KA T Mel )V, 133
TP FEALR =1 5 6, X 32 F S PR g 7E Btk 2
TAEY 3 ML A=) 4 1] DL EAREEALET, JEid

AT RE THREY) 6 M45H(CCDC 2071186, K 2).
BRI, 4tb a9 3 5 PCL{E — A Ll RN, 75
BT HR—MERTY 7, AW 3RS NIRRT
W fZ(NBS) B, 33 TAHA 8.

BEJE, B & 3 AN =50 AR R I ZE AR 251 N I
i, 432 T B — 1 =R L) 9 (Scheme 2). %%
RTEW 7. 8. 9 5=THLMEYGN Stille fHIR
N, RIAEY) T NG R AN PR, LAY 9
A LA 50%[0 7= 225 HAHRL =40 10, 46&4) 8 HLfAE R SH
FERFAAR, (EXTAL W 9 R A i XU % R s L 1
FAHF, BEA T RuCl;»3H,0/PhI(OAc),, 1H A fELA

20% 1= 2433 11, L SR AFfIE, KL Ko0s0422H,0/
NalOy REGS A SEIAL &40 10 1) “—8ik” XA/
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SACTIT, AR 10, RN 75%. AT 11
Fi% BwNBH, &R 5 20 12, &1 12 &3t kA
A PE=IGEAGT A 13, Kooy el BT a1
PAfIIA(CCDC 2071193, & 2).
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Scheme 1 Synthesis of tropones derivatives.
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Figure 2  Crystal structure of tropones derivatives 6 and 13
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Figure 3 Effects of tropone derivatives 3, 5~13 on the cell
viability of human gastric cancer cells MGC-27 (DMSO was
used as negative control)

BE A B FUI AR A1 9 X B 4E MGC-27
IR AE R A 20 4), 3 S0% 4 (Glso) H A
3.912 umol/L.
100
80
60
40

20

Growth inhibition/%

0 L ) L] L} L} L} L} L} L} L} Ll 1

0 5 10 15 20 25 30 35 40 45 50
Concentration/(pmol-L")

B4 FRPEIEMRTLED 9 0 N BRI MGC-27 FAE KA

ith £&

Figure 4 Growth inhibition curve of tropone derivative 9 in

human gastric cancer cells MGC-27
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Figure 5 Effects of compound 9 on the apoptosis of human
gastric cancer cells MGC-27

2 i

BT SMENEAN IO RS, BIER T —&R
B RE L 3R B =G ERAT A, FEsix etk S 9%t B
FE AN MGC-27 PG FEE AT T YD AL, 2R
PR B = BT A4 9 56 B T 4 i MGC-27 I H R Y
PIPUG TS E, B RIFIIRAE AN E.

3 S
31 UESEHHT

'"H NMR F1 *C NMR A} BRUKER-ASCEND 400
MHz #Z LR H A 7 JEOL 400YH A% REFEHRL
MsE, Lh CDCly N, TMS AWER; 2 HE s A
BRUKER micrOTOF-QII & Thermo Ultimate3000 Ji 3% 1%
WE. RAFRGH, A R NBE T ERES R T
7. ToKIEFIF RE U7 AE A, e wmih
Gy B4k,
32 ZWHE
32,1 4(TRATHIK)4-HFHK25-—FHh25- KT =
M- 1-BR (2) 696 A%,

¥ T S HA5% 1 DR, 1.47 g, 9.50 mmol)
BT oK DU Z R IR (20 mL) 1, W5 MR R VA TR & —
78 “C, /0 n-BuLi (2.5 moleL ™' [f] 4V TR, 3.32 mL,
8.10 mmol). 7EMIEE FHF: 1h )5, MALED 1 (1 g,
7.34 mmol), fEAHENEEE FHFE 3 h. EENHFE S,
FHYLAT NHLCL K. B AN, /KA 288 2B
(10 mLX3). &IFAHAHE, HBEMEHRKEER, T
K NapSOs T8 J5 i 4, FERAE Bk afifb [V hEE) -
VTR CTR)=10 D 1R EIE AR~ 2. AR (PRI
K, 132 g, “* 87.4%. 'H NMR (400 MHz, CDCl;) J:
6.66~6.59 (m, 1H), 5.95 (q, J=1.8 Hz, 1H), 4.17~4.08
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(m, 2H), 2.76~2.47 (m, 1H), 2.13 (d, J=1.7 Hz, 3H),
1.85 (d, J=2.0 Hz, 3H), 1.40~1.32 (m, 3H); 3C NMR
(100 MHz, CDCl;) 6: 186.50, 157.85, 144.14, 132.08,
124.87, 93.75, 75.41, 65.14, 37.43, 18.45, 15.23, 14.49; IR
(film) v: 3356, 2980, 2923, 2254, 1675, 1621, 1433, 1375,
1289, 1241, 1193, 1150, 1090, 890, 824, 803, 775, 691
cm ' HRMS (ESI+) caled for CjoH; 002 [M+H] " :
162.0675, found 162.0658.

322 2-#43,6-=F H-5-84K-1,3,6-FF = K -1-
HBR LB (3) 04,

¥tk a 2 (132 g, 6.40 mmol)V& T /K ~ Sk
(13 mLyH, KK IIAIERE Z A (096 g, 7.68 mmol),
PPh;AuNTf, (0.117 mg, 0. 16 mmol), FiRE#Ht+E 3 h. #E
TR (TLC) Wil I REFESE S fS, H 5 mL NaOH &K
(0.5 mol-L YK, /KAHH A FHE(DCM)ZEHL, A5
# 5 mL # HCI (1.0 moleL ™ )WRINZE KM, H KEHT
BEAKTH. SR DCM AT A, FriR &
Y CH,CL 28X (15 mLX3), /K¥EREZE pH="7. HHL
FHRTE/K NaxSO, FHEJE WA, WERAE ik alifb[V(h
B @ MR 2B =10 : 11152 BFr=Y 3. 0
1, 1.02 g, 7% 72%. m.p. 138~139 ‘C; '"H NMR (400
MHz, CDCl;) 6: 14.14 (s, 1H), 7.86 (s, 1H), 7.17 (s, 1H),
4.42 (q, J=17.2 Hz, 2H), 2.29 (s, 3H), 2.17 (s, 3H), 1.42 (t,
J=7.1 Hz, 3H); 3C NMR (100 MHz, CDCl;) J: 185.47,
172.82, 169.83, 143.15, 142.25, 138.80, 132.19, 107.50,
63.09, 22.72, 22.15, 14.21; IR (film) v: 3055, 2927, 1734,
1662, 1620, 1569, 1459, 1437, 1399, 1375, 1264, 1210,
994, 937, 895, 786 cm !. HRMS (ESI+) caled for
C1H 1504 [M~+H]": 223.0965, found 223.0964.

323 4-FEAHAL36-—FH-7-84%-1,3,5-3F B = b -
1-BR B TS (5)A= 2-F RHL-3,6- = F K -5-84K-1,3,6-3F
B = Wi 1-B B8 LBS(6) 6 A AR,

L&Y 3 (200 mg, 0.90 mmol)iE T F7/K DMF (3
mL)H, R RBHIBSE, IMAAELH(54 me, 1.35
mmol). FiRFHFE 10 min J5 7 AL 5320 mg, 2.25
mmol), JIFAZE 80 C F#HiFE 3 h. TLC daill 5kl AH
FESEEERT, AIMEAN NaHCO; WK, 2 EA N, K
I R OB ZEEL(15 mL X 3), &IFE NI, Hmmg
KBS, To/K NaSOs T G 4h, FERAE th ik alifl,
[VCR ) @ V(LR BR)=10 @ 1715 2085 iRl A
5 (100 mg, 48%)FH 6 (50 mg, 24%).

4-FAEBE-3,6- — F-7-5AK-1,3,5- IR PR =0 - 1-3R
1% Z.15(5): 'H NMR (400 MHz, CDCLs) &: 7.54 (s, 1H),
7.28 (s, 1H), 4.36 (d, J=7.1 Hz, 2H), 3.92 (s, 3H), 2.39 (t,
J=0.9 Hz, 3H), 2.21 (s, 3H), 1.36 (t, J=7.1 Hz, 3H); 1*C
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NMR (100 MHz, CDCl;) o: 181.98, 168.98, 161.03,
151.72, 140.93, 134.39, 125.95, 125.90, 61.74, 57.45,
23.87, 19.87, 14.34; IR (film) v: 2982, 2847, 1720, 1674,
1595, 1563, 1501, 1458, 1388, 1371, 1301, 1237, 1176,
1108, 1027, 985, 932, 889, 773, 701, 659, 627 cm .
HRMS (ESI+) caled for C13H704 [M+H]": 237.1121,
found 237.1108.

2- 4 5E-3,6- — I BE-5-4604R-1,3,6-FF B = Ji- 1 -FR IR
ZHE(6): "H NMR (400 MHz, CDCl3) 6: 7.16 (q, J=1.2
Hz, 1H), 7.08 (q, J=1.1 Hz, 1H), 4.36 (q, J=7.2 Hz, 2H),
3.74 (s, 3H), 2.27 (d, J=1.2 Hz, 3H), 2.20 (d, J=1.2 Hz,
3H), 1.37 (t, J=7.1 Hz, 3H); 3C NMR (100 MHz, CDCl;)
5: 185.48, 167.98, 160.74, 147.63, 144.14, 140.51, 132.16,
128.12, 62.20, 22.10, 22.04, 14.27; IR (film) v: 2935,
1727, 1622, 1575, 1510, 1446, 1375, 1278, 1212, 1771,
1212, 1171, 1119, 1020, 1000, 977, 861, 775, 722 cm .
HRMS (ESI+) caled for Ci3H;704 [M+H]": 237.1121,
found 237.1103.

324 4-8.-3,6- =T H-7-BAR-1,3,5-FR F = Hh-1-4
B CBS (7)) 496 A%,

FALE W) 3 (60 mg, 0.28 mmol)iE T & Z K53 mL)
o, ARG I =54k (44 mg, 0.26 mmol), L 1
h, TLC Wil J5oRHEFE 72 525, H NaHCOs i EK. 47
BANUAH, A & FBEAEEL(S mL X 3), A IEA VA
IR EhK e, To/K NapSOs T a4, FERAE:
LA VCR TR - SRR =10 © 11523
@4k 7 (50 mg, 75%). m.p. 52~54 ‘C; 'H NMR (400
MHz, CDCls) 6: 7.44 (s, 1H), 7.39 (s, 1H), 4.34 (q, J=7.1
Hz, 2H), 2.40 (s, 3H), 2.28 (s, 3H), 1.34 (t, J=7.1 Hz,
3H); 3C NMR (100 MHz, CDCls) d: 183.02, 167.74,
149.02, 140.24, 138.19, 137.92, 137.40, 137.01, 62.08,
25.42,22.39, 14.22; IR (film) v: 2984, 1725, 1619, 1584,
1499, 1445, 1373, 1282, 1265, 1225, 1171, 1119, 1023,
996, 897, 861, 730 cm'. HRMS (ESI-+) calcd for CjpH4-
ClO; [M+H]": 241.0626, found 241.0621.

325 4-78£.36-—WH-7-8AK-1,3,5-FR = H-1-K
B L5 (8) 495 Ak,

FALEY) 3 (200 mg, 0.90 mmol)i&E T & H k(3
mL), #RJ5 I PPh; (283 mg, 1.08 mmol)Fl NBS (192
mg, 1.08 mmol). FiEHEFE 1 h, TLC W JERHH #E5¢ be
Ji, F NaxS,0; WA K. 2 BENH, KAH Z&H
FEAEHL(5 mLX3), &IANAH, HEAE KRR, T
K NapSOs T8 5 i 4, FERAE Bk afifb [ VA ThEE) -
VLR CTR)=10 @ 115 213 PIREAE 8 (241 mg, 7
# 94%). '"H NMR (400 MHz, CDCls) 6: 7.57 (s, 1H), 7.39

Chin. J. Org. Chem. 2021, 41, 3675~3681
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(s, 1H), 4.30 (q, J=7.1 Hz, 2H), 2.41 (s, 3H), 2.24 (s, 3H),
1.34~1.28 (m, 3H); *C NMR (100 MHz, CDCls) o:
183.28, 167.56, 148.59, 139.77, 139.42, 137.71, 137.45,
132.39, 61.98, 29.10, 22.12, 14.14; IR (film) v: 2982,
2729, 1723, 1615, 1579, 1494, 1443, 1371, 1273, 1220,
1172, 1114, 1020, 988, 897, 859, 803, 746, 718  cm .
HRMS (ESI+) caled for C1oH,4BrOs [M+H]": 285.0120,
found 285.0109.

326 3,6-=F K-7-BMRA-(Z R TF L) #BLEL) A
H)-1,3,5-3R & = M- 1-2 BR LS (9) 89 4%,

Bk &4 3 (200 mg, 0.90 mmol)¥E T To/K — 5 k5
(3 mL)H, KRAEEF|—78 CLEAIMAN=LHE(109 mg,
1.08 mmol), #FE 20 min J5, A =5 FBEEREF (457
mg, 1.62 mmol), 7EAH R FHiHE 1 h, TLC Mk
WHRETESS, MI7KEEK. B ANAE, KAHH & A
(5 mLX3), &IAHA, HMEFEEHRKESR, K
Na SO, T8 J5 W 4a, T (i v 44k [VCF g
V(L8 CBE)=10 @ 1143 33 EHeRBAR 9 (290 mg, 7=
N 95%). '"H NMR (400 MHz, CDCls) d: 7.45 (s, 1H),
7.11 (s, 1H), 4.35 (q, J=7.1 Hz, 2H), 2.39 (s, 3H), 2.33 (s,
3H), 1.35 (t, J=7.1Hz, 3H); 3C NMR (100 MHz, CDCl5)
5: 182.79, 167.00, 150.44, 149.11, 139.57, 137.54, 133.46,
129.58, 120.05, 116.86, 62.40, 22.57, 20.66, 14.19; IR
(film) v: 2986, 1731, 1643, 1597, 1524, 1420, 1377, 1295,
1213, 1171, 1137, 1026, 931, 874, 763 cm '. HRMS
(ESI+) caled for Ci3H3F306SNa [M+Na]': 377.0277,
found 377.0250.

3.2.7 3,6-= W K -7-BAK-4- THH-1,3,5-3F F = K-
|- B8 LB (10) 89 4%,

# LiCl (53 mg, 1.25 mmol)F1 Pd(PPh;),Cl, (5.50 mg,
0.008 mmol)i#TJ5/K DMF (3 mL), 782 H Ly i o in
ANEEH 9 (200 mg, 0.90 mmol), FEHEJL4 A=
T 2IHFEY (186 mg, 0.58 mmol), 80 C T 1.5 h.
f8TH TLC W ERHEFESEfS, F KE SR K F 44 30
min, 4 E AN, KR AEEXEG mLX3), &
FEENUAH, FMAEEKPEE, K NaSOs TR fEH
46, RERCHE A AL [ VCE ) @ V(LR 4T8)=20 :
1132 A E R 10 (45 mg, 773 50%). m.p. 48~50 C;
'H NMR (400 MHz, CDCl3) d: 7.43 (d, J=10.6 Hz, 2H),
6.84 (dd, J=17.3, 11.1 Hz, 1H), 5.65 (d, J=17.4 Hz, 1H),
5.50 (d, J=11.3 Hz, 1H), 4.32 (q, J=7.1 Hz, 2H), 2.30 (s,
6H), 1.33 (t, J/=7.1 Hz, 3H); *C NMR (100 MHz, CDCls)
5: 183.72, 168.25, 149.21, 141.76, 140.74, 138.19, 137.13,
136.98, 134.44, 119.92, 61.79, 23.58, 23.03, 14.20; IR
(film) v: 3090, 2980, 1721, 1598, 1574, 1497, 1445, 1414,
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1372, 1302, 1231, 1171, 1117, 1022, 985, 922, 863, 844,
768, 736 cm !, HRMS (ESI+) calcd for Ci4H;6O3Na
[M+Na]": 255.0991, found 255. 0987.
328 4-FWBLA-3,6-—F 3-7-AK-1,3,5-2F & = M -
1-# B8 T8 (11) 89 -,

¥4k &4 10 (70 mg, 0.30 mmol)i& T FHH(3 mL)-
KA mL)FRA RS, 7 @EmA 2,6-—H
FEMERE(33 mg, 0.30 mmol)F1 NalO4 (105 mg, 0.46 mmol),
FIRAEFE 5 min, I Ky0s042H,0 (5.2 mg, 0.02
mmol), iR FHEHE 18 h 5. TLC Wil FoRHE#e52 )5, H
NayS,0; IETRA K. 7 BEANAH, KAHH EtOAc ZHL(3
mL X3), &HAHAH, HEMEERKBER, T/K NaSO4
TGRS, FERRE kA VA ) - (LR L
fE)=10 : 1113 2R AE A 11 (52 mg, 72F 75%). m.p.
116~118 “C; 'H NMR (400 MHz, CDCls) &: 10.36 (s,
1H), 7.73 (s, 1H), 7.42 (s, 1H), 4.35 (q, J=7.1 Hz, 2H),
2.68 (s, 3H), 2.32 (s, 3H), 1.35 (t, J=7.1 Hz, 3H); BC
NMR (100 MHz, CDCly) &: 190.99, 183.89, 167.24,
149.66, 147.42, 142.49, 140.07, 136.24, 130.72, 62.34,
22.43,20.81, 14.19; IR (film) v: 3359, 2924, 2853, 1728,
1685, 1608, 1589, 1524, 1445, 1374, 1301, 1241, 1149,
1119, 1084, 1022, 940, 853, 782 cm '. HRMS (ESI+)
caled for C;3H;4O4Na [M + Na] ": 257.0784, found
257.0789.
329 4-(FFH)3,6-=FI-7-8MK-1,3,5-3F 5 = M-
1-F B8 TEs (12) 895

FALEY 11 (100 mg, 0.43 mmol)iE T MeOH (2
mL), SRJE AT I &8 (131 mg, 0.51 mmol). =
R HEHE 10 min, TLC MM EEARNHFESE G, FMLR
NH,Cl AR, 5 BEANAE, KAHH EtOAc ZEH(1
mL X 3), &HA VA, ABEAEERKEEE, Jo/K NaxSO,
TR IR AR, RERFE SR VA ThER) - MR O
fEy=>5 113 AGEE 12 (73 mg, 75FE 72%). m.p.
97~100 C; '"H NMR (400 MHz, CDCls) &: 7.63 (s, 1H),
7.30 (s, 1H), 4.51 (s, 2H), 4.33 (g, J=7.1 Hz, 2H), 3.55
(br, 1H), 2.25 (s, 3H), 2.20 (s, 3H), 1.34 (t, J=7.1 Hz, 3H);
13C NMR (100 MHz, CDCls) &: 183.02, 168.71, 150.12,
146.45, 140.79, 139.35, 138.39, 136.31, 64.47, 62.08,
23.03, 22.25, 14.22; IR (film) v: 3417, 2982, 2926, 1722,
1609, 1558, 1506, 1445, 1372, 1301, 1237, 1169, 1122,
1022, 912, 861, 775, 732 cm™ . HRMS (ESI+) calcd for
C13H1604Na [M~+Na]": 259.0940, found 259.0924.
3210 4-(TEBEAA T HK)-3,6-=F HK-7-84K-1,3,5-
IR = M- 1- 3 BR LR (13) 896 A%,

¥4k &4 12 (10 mg, 0.042 mmol)¥& T T5/K CHaCl,

http://sioc-journal.cn/ 3679
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(2 mL), HUKKBAEREEFKZ 0 CAL. Min=2
JiZ(8 mg, 0.084 mmol), i+t 5 min J5, HKKMMA 4-—F
ZAEME(DMAP) (0.12 mg, 0.001 mmol)fl Ac,O (4.8
mg, 0.046 mmol), 0 ‘CHE#E 3 h. TLC Y RHH #5725,
KK, 7 BEANAH, KA CH.CL ZH(1 mL X 3),
HIHANAE, FRAE KR, K NSO, T4 5k
95, FERAE GRS VORI © MO OFR) =5 ¢
NEREEAE A 13 (12 mg, 77 96%). mp. 62~
65 ‘C; '"H NMR (400 MHz, CDCLy) d: 7.43 (s, 1H), 7.36
(s, 1H), 4.99 (s, 2H), 4.36 (q, J=7.1 Hz, 2H), 2.39 (s, 3H),
2.32 (s, 3H), 2.13 (s, 3H), 1.36 (t, J=7.1 Hz, 3H); 3C
NMR (100 MHz, CDCly) &: 183.07, 170.43, 167.88,
149.61, 140.26, 139.95, 139.77, 139.40, 136.92, 66.25,
61.74,22.71, 22.64, 20.71, 14.03; IR (film) v: 3057, 2985,
1728, 1619, 1580, 1514, 1444, 1374, 1300, 1265, 1221,
1172, 1121, 1022, 971, 897, 853, 731 cm . HRMS (ESI
+) caled for CisHisOsNa [M+Na]": 301.1046, found
301.1036.

3.3 EHHEMEMIR

NEBEEAH MGC-27 MHERIE ATCC (American
Type Culture Collection)!4 3%, 4R f57E =i &) #¥ Dulbecco
M R ) Bagle 1577 55 (Sigma) F 8555, FERINT 10%062F
17 (Gibeo), 100 U/mL 55 XM H =,

G A7 0 B SRS BT A Ak B T T
DMSO #i(50 umolsL ™), 4li DMSO A% X, 41
JfL A 35 2245 FH 48 M o 50077 £ (CCK-8) (C0038, Be-
yotime Biotechnology), HR4f fill i r5 118 BHEAT, AbERES
[f] 30 h, BRLH 4TI ET 3 K.

N oSG A Al DMSO AL &4 9 1)
DMSO ¥ (50 pmolsL HALEE A B 41 MGC-27, Ak
BRI E]) 30 h, e i I A M AR T A R T
B, BACPATSLIREE 3 IR

4 BT RL(Supporting Information) &%) 2,3,5~13
(] 'TH NMR 1 3C NMR #% &, PALRAGEY) 6 F1 13 [
e TS EE . X A RL AT B4 B AT X 38 (hitp://sioc-
journal.cn/) . T #,
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